A method is described for characterizing the acoustical properties of flute head joints by measurement of the quantities F. =f./(2n --I), wheref. is the frequency of the nth impedance maximum of the head joint as viewed from the end of a short cylindrical tube simulating a part of the flute body and with the embouchure hole completely unobscured. The tube length is chosen to makef•_ 170 Hz. It is shown that the pattern of this "resonance signature" curve F• in the frequency rangef• up to 5 kHz is sensitive to the precise geometry of the head joint so that it may serve as a convenient correlate for playing behavior, even though its shape is only indirectly related to conditions in a blown flute. A simple and inexpensive apparatus for determining this resonance signature is described.
INTRODUCTION
The head-joint section of a flute is generally agreed to be of critical importance in determining the musical responsiveness and tone quality of the instrument, while the keywork and exact hole geometry on the body section influence mechanical reliability and tuning throughout the scale. This statement is an oversimplification, but many fine players use flutes with bodies and heads by different makers and some fine craftsmen concentrate almost exclusively on head joints. The optimal form of correction to be produced by the head joint across the compass of the flute will clearl F depend upon the lip shape and playing technique adopted by each individual player. It would therefore be useful to have a technique for determining this quantity, or at least something directly related to it, in the simplest manner possible. It is towards this end that the present paper is directed.
I. MEASUREMENT PRINCIPLES
The acoustical properties of a flute head joint are, in principle, completely determined by its geometry, the only adjustable parameter of which is the stopper posttion, this usually being set close to 17 mm from the center of the embouchure hole. A much simpler, though less precise characterization can be obtained by measuring the acoustical parameters directly, and for such a measurement it is more important to have a simple reproducible acoustic "signature" for each head joint than to measure with difficulty a more complex quantity that is more directly related to conditions during playing. This consideration suggests that the head joint should be measured with the embouchure hole completely unobscured, rather than being partly covered by some arbitrarily defined approximation to the player's lips. With no special precautions other than a quiet environment, the peaks below 5 kHz are all clearly resolved and unambiguous. The situation changes above õ kHz, but this region is outside our present concern.
By applying this measurement technique to a variety of head joints in succession we can characterize each by the pattern of its resonance frequencies. In measuring an actual head joint it is important to decide upon the length of cylindrical tube to which it is to be joined, or equivalently on the fundamental frequency on which the F, series is to be based. If this tube is short, then the head-joint taper will have nmximal effect upon the shape of the signature curve F. but only a few points will be measured below the 5-kHz limit.
II. THE RESONANCE SIGNATURE
If, on the other hand, the tube is long, then there will be a large number of points on the measured curve but, because the tapered head is only a small fraction of the total tube length, F, will be relatively flat and analysis of head-joint signatures is to enjoy any practical use for flute makers and purchasers of their instruments, it is desirable that a system be devised which is both simpler in operation and less expensive. In this section we describe such a system.
The impedance head illustrated in Fig. I is noncritical in design and construction. It must be a good fit in the tube but otherwise it is made from simple components readily obtainable for a few dollars from any radio hobby shop.
The simplified measurement system developed to determine the signature F, is shown in schematic form in This output waveform may be either a square or a triangular wave, depending upon details of the circuit, and must then be shaped to a sinusold with adequately small distortion components. This shaping requirement is not particularly critical since a maximum response is being sought at the fundamental frequency of the waveform. A biased diode chain could reasonably be used, but the circuit given in Fig. 8, when 
Vl. CONCLUSION
We have described the development of a simple system for the partial characterization of the acoustic properties of flute head joints by means of a resonance signature curve. It is hoped that such a curve may serve flute makers and flute purchasers as an objective means of comparison between different head designs, though actual playing tests must be used by each individual to decide the type of signature curve best suited to his playing style. With practical use in mind, we have also developed a simple and inexpensive system for the determination of resonance signatures without special skill or sophisticated laboratory equipment.
While recognizing that the resonance signature is far from being a complete characterization of the playing properties of a flute, we hope that use of this method may help to quantify at least some aspects.
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